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Abstract of EP0756012 

Method and top blowing lance for decarburization 
refining chromium molten ferrous metal in which 
dust formation and chromium loss due to 
oxidation are suppressed and high productivity is 
achieved. Decarburization of molten ferrous 
metal is achieved by blowing gaseous oxygen 
into the molten metal in a refining furnace 
provided with a top blowing lance having a 
plurality of gas blowing nozzles at the tip of the 
lance. The gas blowing nozzles include at least 
one sub-nozzle provided at or near the lance axis 
and a plurality of main nozzles at an outer section 
of the lance. Blowing refining is carried out with 
oxygen flow from a plurality of the main nozzles 
at a flow rate higher than that from the sub- 
nozzle^), when the carbon content in the molten 
metal is about 1 wt% or more. 
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(54) Decarburization refining process for chromium-containing molten metal, and associated top 
blowing lance 



(57) Method and top blowing lance for decarburiza- 
tion refining chromium molten ferrous metal in which 
dust formation and chromium loss due to oxidation are 
suppressed and high productivity is achieved. Decarbu- 
rization of molten ferrous metal is achieved by blowing 
gaseous oxygen into the molten metal in a refining fur- 
nace provided with a top blowing lance having a plurality 
of gas blowing nozzles at the tip of the lance. The gas 
blowing nozzles include at least one sub-nozzle pro- 
vided at or near the lance axis and a plurality of main 
nozzles at an outer section of the lance. Blowing refin- 
ing is carried out with oxygen flow from a plurality of the 
main nozzles at a flow rate higher than that from the 
sub-nozzle(s), when the carbon content in the molten 
metal is about 1 wt% or more. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a blown oxygen decarburization refining process for molten ferrous metal contain- 
ing chromium, and further relates to a top blowing lance used in the process. In particular, the present invention relates 
to metal refining blown oxygen technology in which oxygen is blown at a high rate to effect decarburization of molten 
to metal containing chromium and which reduces dust formation and chromium loss due to oxidation while maintaining a 
high rate of productivity. 

Description of the Related Art 

15 The process is conducted in a refining furnace, such as an AOD furnace. In order to increase productivity of molten 
metal containing chromium, such as molten stainless steel, it is important to be able to shorten the refining process 
time. 

It has heretofore been thought that an increased blowing rate of oxygen is effective to reduce refining time. Accord- 
ingly, decarburization has heretofore been carried out with converters, such as top blowing converters or top-and-bot- 
20 torn blowing converters, each having an oxygen blowing rate that is higher than that in the AOD furnace. Alternatively, 
reduction of refining time has been attempted with an AOD furnace provided with a top blowing lance to increase the 
oxygen blowing rate. 

An increased oxygen blowing rate, however, produces dust formation and increased chromium loss due to oxida- 
tion. This is because a higher oxygen blowing rate is required since the carbon content in the molten steel is relatively 

25 high at the time of the initial blowing-refining step. This causes a large amount of dust to spatter. Further, since the tem- 
perature of the molten metal is relatively low and scraps are used in converters, the chromium is readily oxidized. 

In Japanese Examined Patent No. 2-43803 a refining process is disclosed which has the purpose of decreasing 
chromium loss due to oxidation. Refining gas is top-blown on the bath surface or into the bath from a lance. The refining 
gas substantially consists of oxygen when the carbon content in the bath is 1% or more, but consists of a mixture of 

30 oxygen and an inert gas when the carbon content in the bath is less than 1%. Further, the inert gas is injected at a low 
blowing rate into the molten bath and the ratio of oxygen to the inert gas is varied in response to the carbon content in 
the bath. Such a top blowing lance is designed for a specified gas blowing rate and gas penetration into the molten 
metal bath, and is mainly used for decarburization. Although this method enables some reduction of chromium loss due 
to oxidation, excessive chromium loss cannot be prevented when the carbon content exceeds 1% in the molten bath. 

35 Actually, if the oxygen blowing rate is increased when the carbon content of the molten bath exceeds 1%, chromium 
loss due to oxidation unexpectedly increases. 

Japanese Examined Patent No. 59-21367 discloses a process for completely burning gaseous carbon monoxide, 
formed from the metal bath surface, to carbon dioxide. Pure oxygen or an oxygen-containing gas is blown upon the 
metal bath surface. The top oxygen blowing rate in such a process is merely 0.2 times as much as the bottom oxygen 

40 blowing rate, and at most 1 .2 times as an upper limit, since the top blowing oxygen is intended mainly to enhance car- 
bon monoxide combustion. - Thus, the process can be somewhat effective to decrease chromium loss due to oxidation, 
but then fails to increase productivity in view of the low oxygen blowing rate. 

A top blowing lance for simultaneous decarburization and combustion of carbon monoxide is disclosed in Japanese 
Examined Utility Model No. 5-12271 . The top blowing lance has a main nozzle for decarburization and a plurality of sur- 

45 rounding sub-nozzles having an in-line configuration for secondary combustion. The tilt angle of the main nozzle, i.e., 
the angle between the main nozzle axis and the lance axis, is necessarily small because the main nozzle is surrounded 
by sub-nozzles. As a result, the oxygen jet collision rate to the molten steel increases and dust formation accordingly 
increases. Moreover, the heat of secondary combustion is readily transferred to the side wall bricks and furnace life is 
shortened due to brick damage. 

so Japanese Laid-Open Patent No. 1 -132714 discloses a method for refining stainless steel by oxygen blowing with a 
lance having a plurality of nozzles. Because oxygen and non-oxidizing gases are, however, blown onto the bath surface 
at the-same time, it is difficult to achieve decarburization promotion by raising the oxygen blowing rate and concurrently 
to achieve reduction of chromium loss due to oxidation by raising the temperature of the molten metal as a result of car- 
bon monoxide gas combustion. 

55 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for decarburization refining of molten metal containing 
chromium, and to provide a top blowing lance for carrying out such a refining method, in which dust formation and chro- 
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mium loss due to oxidation are reduced, and in which increased productivity is achieved. 

Another object is to achieve improvement of secondary combustion of carbon monoxide gas formed from the mol- 
ten metal during the refining process. 

It has now been discovered that such problems are overcome by using a top blowing lance having a new and 

5 advantageous nozzle design in which the positions of the gas blowing nozzles of the lance are especially advantageous 
for decarburization and secondary combustion, and by performing the process step of decarburization of the molten 
metal while raising the metal temperature. 

The present invention provides a process for decarburization refining of molten ferrous metal containing chromium 
comprising blowing gaseous oxygen onto or into the molten metal with a top blowing lance having a plurality of gas 

10 blowing nozzles at the tip of the lance. The gas blowing nozzles include at least one sub-nozzle of limited blowing 
capacity positioned at or near the lance axis and a plurality of main nozzles having greater blowing capacity than the 
sub-nozzle, arranged to substantially surround the sub-nozzle and preferably arrayed around an outer portion of the 
lance. When the carbon content in the molten-metal is about 1 wt% or more, refining is carried out by controlling the 
rate of oxygen flow from a plurality of main nozzles at a flow rate higher than that from the sub-nozzle(s). Oxygen from 

15 the sub-nozzle(s) is accordingly directed within a shroud formed by flows from the main nozzles and is thereby directed 
for combustion of carbon monoxide gas formed from the molten metal. Concurrently the oxygen from the main nozzles 
is primarily directed upon or into the bath for decarburization of the molten metal. Additionally, when the carbon content 
of the molten metal in the bath is about 1 wt% or more, the temperature of the molten metal is controlled to at least 
about 1,650°C. 

20 The top blowing lance comprises a plurality of gas blowing nozzles at its tip, with at least one sub-nozzle at or near 
the lance axis and arranged to blow oxygen for combustion of carbon monoxide gas formed from the molten metal. A 
plurality of main nozzles are provided at outer locations on the lance so as to surround the sub-nozzle to blow oxygen 
for effecting decarburization. 

It is important that the total cross-sectional area of the throat portion of the sub-nozzle is from about 3% to about 
25 30% of the total cross-sectional area of the throat portions of all of the nozzles. Each main nozzle may be an angularly 
divergent nozzle, with an angle between the lance axis and the nozzle axis, and each sub-nozzle an in-line or divergent 
nozzle having a divergence angle less than that of the main nozzle. 

This invention will further be described with reference to specific forms of the process and of the lance, as shown 
in the appended drawings. The detailed description and the drawings are not intended to limit the scope of the inven- 
30 tion, which is defined in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an embodiment of an arrangement of lance nozzles in accordance with one embodiment of the 
35 present invention; 

Fig. 2 shows another embodiment of an arrangement of lance nozzles in accordance with the present invention; 
Fig. 3 shows a comparative example of an arrangement of lance nozzles outside the scope of the present invention; 
Fig. 4 is a schematic view illustrating one form of blowing-refining process according to this invention, when decar- 
burization of molten metal containing chromium is carried out in a top and bottom blowing converter; 

40 Fig. 5 is a graph illustrating the correlation according to one form of this invention between the decarburization/oxy- 
gen efficiency when the carbon content of the molten metal is reduced from 5.5% to 1 .0%, plotted against the ratio 
of the total cross-sectional areas of sub-nozzles used to the total cross-sectional areas of all the nozzles used; 
Fig. 6 is a graph illustrating the correlation between chromium loss due to oxidation when the carbon content in the 
molten steel is reduced from 5.5% to 1.0%, plotted against temperature of the molten steel as it exists when the 

45 carbon percentage is 1 .0%; and 

Fig. 7 shows an arrangement of nozzles of a comparative top blowing lance used for ordinary converter operations. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

so Dust formation increases with increased collision speed of the oxygen jet onto or into the molten metal surface. In 
a conventional blowing method, the oxygen gas rate is inherently at a maximum along the lance axis, and decreases 
toward the lance periphery. In contrast, in the present invention, the main nozzles which effect decarburization are posi- 
tioned at outer sections of the lance, preferably at a distance as far as possible from the lance axis, and having wide 
nozzle tilt angles thereby decreasing the effective collision speed of the oxygen jet with the molten metal. However, at 

55 least one sub-nozzle of smaller capacity is provided on the lance to effect secondary combustion, thus reducing effec- 
tive oxygen flow velocity at or near the lance axis. In this way dust formation is very effectively reduced. 

Moreover, when a plurality of main nozzles are provided in an area spaced around an internally-located sub-nozzle, 
the heat due to secondary combustion, which is generated at or near the lance axis, is shielded by the jets from the 
surrounding main nozzles, reducing or preventing transfer of secondary combustion reaction heat to the side wall of the 
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furnace. Thus, the molten metal is effectively centrally heated so that chromium loss due to oxidation is suppressed 
while preventing or minimizing damage of the side wall of the furnace due to secondary combustion heat, resulting in 
significantly prolonged furnace life. 

The conventional lance of Fig. 7 has three relatively large main nozzles 1 which blow refining gas for decarburiza- 

5 tion, whereas this invention as exemplified by Figs. 1 and 2 provides at least one significantly smaller sub-nozzle 2 for 
blowing gas to raise the molten metal temperature by secondary combustion of carbon monoxide from the molten 
metal. This happens at the lance axis (as in Fig. 1) or near the lance axis (as in Fig. 2). The main nozzles 1 blow refining 
gas for decarburizing the molten metal; they effectively surround the sub-nozzle(s) 2. In contrast, the comparative lance 
of Fig. 3 is provided with an axially located main nozzle 1 for effecting decarburization, and a plurality of outwardly posi- 

10 tioned sub-nozzles 2 for secondary combustion, and fails to achieve the objects or advantages of this invention. 

Example 1 

As an example of this invention, 100 tons of molten steel containing 5.5% of carbon and 16% of chromium were 
is charged into a converter provided with a top blowing lance, and the molten steel was decarburized while oxygen gas 
was blown from three main nozzles and a sub-nozzle arranged according to Fig. 1 until the carbon content of the steel 
was reduced to 1%. Oxygen gas from the sub-nozzle 2 was directed to cause secondary combustion of carbon mon- 
oxide gas formed from the molten metal. The refining conditions included a top blowing oxygen rate of 250 Nm 3 /min. 
(200 Nm 3 /min. from the main nozzles and 50 Nm 3 /rnin. from the sub-nozzle) and a lance height of 1 .8 m. The main noz- 
20 zles 1 were angled outwardly away from the axis as shown in Fig. 1 , and the sub-nozzle 2 was axis-oriented. For com- 
parison, operations were carried out using the conventional lance in Fig. 7 and the comparative lance in Fig. 3. 

As a result, dust was created in an amount of 13 kg/t during decarburization while using the lance of Fig. 1, while 
32 kg/t of dust were formed with use of the conventional lance of Fig. 7 and 48 kg/t in the use of the comparative lance 
of Fig. 3. These results factually demonstrated that the decarburization method and lance in accordance with the 
25 present invention significantly decreased dust formation, all other parameters having been kept constant. 

The decarburization-ref ining method in accordance with this invention may be applied to decarburization refining of 
molten steel containing chromium in a top and bottom blowing converter as shown in Fig. 4. A top blowing lance 5 as 
shown in Fig. 1 is shown in Fig. 4. Pure oxygen gas 1 0 was blown into the bath and on the bath surface from the top 
blowing lance 5 and from a bottom blowing tuyere 9 to cause the decarbonization reaction 

30 

C+ 1/2 0 2 -> CO 

for forming carbon monoxide bubbles 1 1 in the molten metal. The carbon monoxide bubbles 1 1 caused secondary com- 
bustion with oxygen injected from the sub-nozzle 2 at or near the axis of the top blowing lance 5, according to the reac- 
35 tion 

CO +1/2 0 2 -> C0 2 . 

Because the secondary combustion region 7 of Fig. 4 was surrounded by a shroud of oxygen jets 6 injected from a plu- 

40 rality of main nozzles 1 of the top blowing lance 5, the heat formed from the secondary combustion reaction was not 
accumulated in the body 4 of the converter. This is because of formation of a thermal barrier or curtain effect of the sur- 
rounding oxygen jets 6. As a result, secondary combustion heat was effectively transferred primarily directly into the 
molten metal 8, with the beneficial result that furnace walls were protected while concurrently chromium loss due to oxi- 
dation was significantly reduced. 

45 At least three main nozzles 1 must be provided in order to achieve these effects in accordance with the present 
invention. Further, it is preferable that pure oxygen gas is blown from the bottom blowing tuyeres 9 and the top blowing 
lance when the carbon content of the molten metal is about 1% or more; this maximizes the decarburization rate. On 
the other hand, when the carbon content of the molten metal is about 1% or less, chromium loss due to oxidation may 
be reduced by diluting oxygen with an inert gas or by decreasing the oxygen blowing rate during refining. 

so The method in accordance with the present invention is effectively applicable to the use of an increase of oxygen 
blowing rate. This allows increasing the decarburization rate as much as possible when the carbon content in the molten 
bath is about 1 % or more. Such a process can be appropriately carried out within the range of carbon contents set forth 
above, to achieve a targeted blowing-refining time. 

An excessively high oxygen blowing rate from the sub-nozzle(s) 2 tends to decrease the quantity of oxygen gas 

55 which contributes to the decarburization, and tends to inhibit decarburization. In contrast, an excessively low oxygen 
blowing rate inhibits the secondary combustion that promotes oxidation of chromium; this is due to decreased reaction 
heat transfer into the molten steel, and tends toward inhibited decarburisation. Thus, it is preferable to control the proc- 
ess within an important ratio range of the blowing rates of the sub-nozzle(s) 2 to the blowing rates of the main nozzles 
1 as represented by the respective throat cross-sectional areas, since at constant oxygen feed pressure each flow rate 
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is proportional to the throat cross-sectional area. 

Fig. 5 is a graph illustrating the correlation of throat ratio, i.e., the ratio of the total throat cross-sectional areas of all 
the nozzles 1 to the total throat cross-sectional areas of the sub-nozzle(s) 2. 

Fig. 5 shows decarburization oxygen effects obtained for molten steel containing 5.5% of carbon and 16.0% of 

5 chromium when subjected to decarburization refining until the carbon content is reduced to 1 .0%, using a lance as 
shown in Fig. 1 . Fig. 5 demonstrates that the decarburization method in accordance with the present invention was sig- 
nificantly effective in the throat ratio range of about 3% to 30%, in particular, compared with results according to the con- 
ventional method. Indeed, the decarburization/oxygen efficiency in accordance with the present invention is factually 
shown to have been improved over the entire throat ratio range. 

io It is preferable that each main nozzle is a divergently angled nozzle relative to the lance axis and that each sub- 
nozzle is a generally axial ly-arranged nozzle, or even has a somewhat divergent angle having a divergence angle rela- 
tive to the lance axis less than that of the main nozzles. 

Fig. 6 is a graph illustrating a correlation found between chromium loss due to oxidation and molten steel temper- 
ature at a carbon content of 1 .0% when molten steel containing 5.5% of carbon and 16.0% chromium was subjected to 

75 decarburization-ref ining until the carbon content was reduced to 1 .0% using a lance in accordance with the present 
invention. The lance had divergent main nozzles and longitudinally oriented sub-nozzles, and the total throat cross-sec- 
tional areas were 20% of the lance area. Fig. 6 indicates that chromium loss due to oxidation was reduced when the 
molten steel temperature was preferably controlled to about 1 ,650°C or more at a carbon content of about 1 .0%. 

20 Further Examples 

After 100 tons of a molten steel containing 5.5% of carbon and 16.0% of chromium was charged into a top and bot- 
tom blowing converter, a decarburization refining operation in accordance with the present invention, in comparison 
with a conventional method was carried out under the conditions as shown in Table 1 , in which the lance height was 1 .8 
25 m. The bottom blowing gas was a gaseous mixture comprising oxygen and nitrogen (1 :1), the top blowing gas was oxy- 
gen except for the oxygen blowing range for blowing only oxygen in Table 1 , and the blowing rate was 1 50 Nm 3 /min for 
a carbon content of 0.6% or more, or 120 Nm 3 /min. for a carbon content of 0.6 to cessation of blowing or 0.05%. 

Table 2 summarizes the operational results. Table 2 demonstrates that the decarburization method in accordance 
with the present invention materially shortened the blowing time during decarburization, decreased the chromium loss 
30 due to oxidation, and reduced the dust formation, all at the same time. 



35 



40 



45 



50 



55 



5 



EP0 756 012 A1 



5 




Sh 

S ^ »j • — 

s s se?t, 

x a *j 


s 


00 

<o 


•O 
■«T 

o 




• 

a 2 

at H W 

2 0 0 

* a 1 


0 


m 

«0 


1620 1 


1590 


10 




« £ 

U -4 2 0 

« d 


3 


o 
fn 


o 
r*» 




? 
« 0 

d 


e 

s 

2 r 
§• 

0 

H 


«o 
»n 
r> 


o 








i • S J ii 


o 
in 


o 
o 


o 

»o 






o 
m 


o 
o 


O 

o 


15 




0 04 

o c 
»j > 

* O 

H r-l 

worn 


o 


•o 


«*> 




0 DO 

o c 

s ? 

U ^| 
4J 0 A 


o 


o 




20 




CM —» 

« a d m 
t> cd « 

C OS M 

8 1 

ii 


*n 


I 

m 


i 

»n 
in 




S ?d« 

g£ a- . 
s | - 

O «w 
«— 0 


i 

♦o 
♦o 


i 

IO 

>n 


o 
a* 
o 






a 
u 
a 
(A 


si 


o 
r- 


o 


o 




5 


i3 


o 


o 


o 


25 
30 


j-i 
0) 

<tf 
Eh 


a) 
DO 

I 


| 

m 

a 
o 

H 


o o 
o in 

9 

H • 

N r-l 
N N 
0 H 

d i 
x> 

* 0 

35 «/» 


N r» 
\o to 

a 

r-l 0 
N rH 
N N 
O N 

SI 


r- « 

00 -< 
— i oo 

41 

M r-l 

N H 

a N 

* S 

rt 3 




n 

DO 

1- 


DO 

d 

k 

o 

03 

O. 
o 

H 


o 
m 


|0 r^ 

rH « 

M r-l 

f4 N 
O M 

d o 
d 

d ■ 

•rl /> 

X </> 


o 


35 




•522 5 

" S • "§ 

-If 4 


B 

Is 


*J u 
o d 
a o 
DO DO 

• O 

r» > 


e M 
o 

DO « 

Is 

a w 




5 • S 3 


U 

ts 

0 
DO 
U 1 

1 


C p 
1- 

S OT 


d ! 

*> 
u 


40 




r-l 








T> 
0 












c 

0 




O 
<N 


m 
n 




J3 
+J 

a) 
a 

rH 




• 


O 
n 


1 


45 


•r-l 
-P 

c 

CD 
> 

c 

H 


O i> C 2 u 

^° n c « 


fS 

bO 
Dm 


N 

DO 
-rl 

Pu 


CO 
-rl 
PU 


c 

0 
•H 
-P 

(D 


5 j c 0 

« J 6 u 


DO 
Dm 


*n 
to 

•rt 

Dm 


M 

•rl 
(M 
















> 
C 












50 


■H 
rd 
EH 


*i « « 
« N | 
« 1 
E W 1 




O 


o 


eo 
O 


0 

o 




J 


O 


O 


CM 
O 


rH 


O 

as 










CN 


o 
a; 











6 



EP0 756 012 A1 



15 



20 



25 



30 



35 



40 



45 



SO 



CN 




c 0) p; 
o fl) m N 

^ *» ^ *« # ~ 



PS 



^3 \n 
O cd O 



5 d * g _ 

to 



s « & 

Q P ** 



b0 



o 



0) 
4J 



M o 

CO 



C d 

oo _ 
is f ■> (I) 

o " a 

d 1 

o 

•H 



td 



g a) 
cu «d 

d a ii 

u u2 

o> o 
o o 



d 
o 

w **** 

S d 

^ > 
c 



cd 

d 

O XJ 
•H O 
JC 

C *J 

0) <u 

> e 
c 

o 
o 



CD 

b0 _ 

cd 
X! 
O 



d 

0) 

CO 

a> 
u 
a 
a> 



pa 
o 



55 



Although this invention has been described with respect to specific forms of the invention, it will be appreciated that 
many variations may be made. The molten ferrous metal in the bath may have various compositions or additives 
depending upon intended ultimate use. The reference to blowing oxygen is intended to include other gases containing 
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oxygen, and the blowing rates of the gases may be varied not only by throat diameter changes but by other known 
means, including feed pressure variations. Further, where reference is made to the main nozzles surrounding the sub- 
nozzle or sub-nozzles, advantages can be obtained without requiring complete containment or enclosure of the sub- 
nozzle and provision of only three main nozzles is in most cases sufficient to achieve the benefit of protecting against 
5 furnace wall wear. 

Other variations and modifications will readily become apparent, including substitution of equivalents, reversals of 
method steps, and the use of certain features independently of others, all without departing from the spirit and scope 
of the invention as defined in the appended claims. 

10 Claims 

1. In a process for decarburization refining molten ferrous metal containing chromium, wherein said molten metal is 
decarburized by blowing gaseous oxygen onto or into said molten metal in a refining furnace provided with a top 
blowing lance having a plurality of gas blowing nozzles at the tip of the lance, the steps which comprise: 

15 

providing said gas blowing nozzles as (a) at least one sub-nozzle positioned at or near the lance axis and (b) 
a plurality of main nozzles arranged at said lance outwardly of said sub-nozzle; and 

refining said molten metal by concurrently blowing with oxygen from said sub- nozzle and from a plurality of said 
main nozzles, 

20 said blowing being performed at a main nozzle flow rate that is higher than the flow rate from said sub-nozzle. 

2. The process according to claim 1 , wherein oxygen flow from said sub-nozzle is directed in a generally axial direc- 
tion or at an angle thereto for combustion of carbon monoxide gas formed from the molten metal, and 

wherein oxygen from said plurality of main nozzles is directed at an angle to said axial direction that is wider 
25 than the sub-nozzle angle. 

3. The process according to claim 1 , wherein the temperature of the molten metal is at least about 1 ,650°C when the 
carbon content of said molten metal is about 1 wt% or more. 

30 4. The process according to claim 2, wherein the temperature of the molten metal is at least about 1 ,650°C when the 
carbon content of said molten metal is about 1 wt% or more. 

5. The process defined in claim 1, wherein at least three of said main nozzles are provided in surrounding relationship 
to said sub-nozzle. 

35 

6. The process defined in claim 1 , wherein the total cross-sectional area of said sub-nozzle is about 3% to about 30% 
of the total cross-sectional area of all of said nozzles. 

7. A top blowing lance for refining ferrous metal with oxygen, said lance comprising oxygen feed means connected to 
40 said lance having a lance axis and a plurality of gas blowing nozzles at its tip, wherein at least one of said nozzles 

is a sub-nozzle which has a throat provided at or laterally near said lance axis and aimed to blow oxygen for 
enhancing combustion of carbon monoxide gas formed from said molten metal, 

and wherein a plurality of main nozzles are provided having throats positioned on said lance laterally out- 
wardly of said sub-nozzle in a position to substantially surround said sub-nozzle and oriented to blow oxygen gen- 
45 erally angularly to said axis to achieve decarburization. 

8. A top blowing lance according to claim 7, wherein said sub-nozzle has a throat portion that is smaller than throat 
portions of said main nozzles, and wherein the total cross-sectional area of said throat portion of said sub-nozzle 
is from about 3% to about 30% of the total cross-sectional area of the throat portions of all of said main nozzles 

so plus said sub-nozzle. 

9. A top blowing lance according to claim 7, wherein at least one of said main nozzles has a passageway that is angu- 
larly divergent to said lance axis, and wherein said sub-nozzle has a generally axially oriented or divergent pas- 
sageway having a divergence angle to the lance axis that is less than the angles-of said passageways of said main 

55 nozzles to the lance axis. 

1 0. A top blowing lance according to claim 8, wherein at least one of said main nozzles has a passageway that is angu- 
larly divergent to said lance axis, and wherein said sub-nozzle has a generally axially oriented or divergent pas- 
sageway having a divergence angle to the lance axis that is less than the angles of said passageways of said main 



8 



EP0 756 012 A1 



nozzles to the lance axis. 

1 1 . The top blowing lance according to claim 7, wherein at least three of said main nozzles are provided in surrounding 
relationship to said sub-nozzle. 

12. The top blowing lance according to claim 7, wherein the total cross-sectional area of said sub-nozzle is about 3% 
to about 30% of the total cross-sectional area of all of said nozzles. 
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FIG. I 



FIG. 2 
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FIG. 4 
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FIG. 5 
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